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Over concerns of vasoconstriction leading to free flap failure, for decades, it has been a common practice to avoid vasopressors for the maintenance of blood pressure during reconstructive microvascular surgeries.\[[@ref1]\] As perfusion across the microvascular anastamoses is mainly dependent on the blood pressure, any degree of hypotension could be detrimental in these cases. It has been postulated that maintenance of blood pressure with volume expansion, with the added advantage of hemodilution, improves perfusion and thereby the flap outcome. There are conflicting reports regarding the effect of vasopressors on denervated flaps. It is now thought that use of vasoconstrictors for the maintenance of blood pressure could actually be advantageous in view of improved perfusion rather than the yet to be proven concerns over possible vasoconstriction.

The primary objective of this retrospective analysis was to assess the impact of use of noradrenaline in the perioperative period on outcome of free flaps in patients who underwent microvasular reconstructive surgeries as compared to those who did not receive noradrenaline. The secondary objectives included studying the effect of compounding factors such as intraoperative hypothermia and intraoperative use of various intravenous fluids used to correct hypotension, on the flap outcome.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Following the Institutional Ethical Committee clearance, this retrospective study was conducted in the Head and Neck Surgical Division of a Tertiary Care Center. Perioperative data of 120 patients who had undergone free flap reconstructive surgeries between January 2016 and December 2016 were retrospectively analyzed. The patients had undergone wide local excision of carcinoma of buccal mucosa, floor of mouth, tongue, mandible, maxilla, thyroid, tonsil, and larynx. Flaps harvested to cover the surgical defects included radial forearm, anterolateral thigh, and the latissimus dorsi myocutaneous free flaps as well as free fibula osteocutaneous free flap. Among the 120 patients, 102 who did not require noradrenaline for maintenance of blood pressure intraoperatively formed the control group (Group C), whereas 18 patients who required noradrenaline infusion constituted the study group (Group N). Patients who had received vasopressors other than noradrenaline and those required multiple agents to maintain blood pressure were not included in the present study. Continuous consecutive sampling was done; all cases in fulfillment of the defined inclusion criteria during the study period were included in the study population.

All patients had a preoperative Doppler done on donor vessel site to confirm patency. Papaverine was used as vasodilator in the recipient vessel for all patients during flap anastomosis. All patients received low-molecular-weight heparin postoperatively. The flap monitoring was done by Doppler, flap skin bleeding on pin prick and color. Patients were extubated or weaned from ventilator if tracheostomized after confirmation of flap viability. Hypotension in the perioperative period (mean arterial pressure \[MAP\] \<65 mm hg) was managed initially with crystalloids, colloids, and packed red cells, if haemoglobin was \<8 g/dL, and noradrenaline infusion varying from 0.02 to 2 μg/kg/min as required. Agents such as adrenaline, dobutamine, and vasopressin were added as indicated as per individual patient requirements, if other measures failed to maintain blood pressure (MAP \<65 mm hg). Patients who had received vasopressors other than noradrenaline and those required multiple agents to maintain blood pressure were not included in the present study.

Data including preoperative and postoperative hemoglobin, urea, creatinine, sodium and potassium levels, intraoperative blood pressures, heart rate, urine output, and temperature at hourly intervals were also documented. The final flap outcome at discharge from hospital was noted. Data were collected using a pro forma designed specifically for the purpose of this study.

Chi-square test was used to compare gender, units of fresh frozen plasma consumed, and flap outcome among N and V groups. The Mann--Whitney test or independent sample *t*-test was used to compare volume of packed cells used, demographic continuous variables, hemodynamic variables, temperature and urine output. Paired *t*-test was used to compare the pre- and post-operative blood test values in each group. Statistical analysis was performed using IBM SPSS Statistics 20 Windows (SPSS Inc., Chicago, USA).

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Both groups did not have any significant difference in demographical variables of age, height, and weight \[[Table 1](#T1){ref-type="table"}\]. Out of 120 patients, 15% (*n* = 18) patients required noradrenaline for hemodynamic support (Group N). In Group N, 38.9% (*n* = 7) and 10.8% (*n* = 11) in Group C were of the American Society of Anesthesiologists (ASA) physical status three classification. In Group N, 27.78% (*n* = 5) patients had to be re-explored \[[Figure 1](#F1){ref-type="fig"}\]. The mean time of re-exploration in Group N and Group C were comparable (7.1 ± 8.8 vs. 9.2 ± 12.8 h, *P* = 0.357). Out of the five patients, four patients were re-explored once and one patient twice. In Group C, 22.55% (*n* = 23) had to be re-explored, 21 patients once and 2 patients had to be re-explored twice. Four patients in Group C and none in Group N had a poor flap outcome (3.92% vs. 0%), i.e. loss of flap at time of discharge from hospital \[[Figure 2](#F2){ref-type="fig"}\].

###### 

Comparison of demographics

  Variables     Group C   Group N        *P*                 
  ------------- --------- -------------- ----- ------------- -------
  Age (years)   102       53.14±14.21    18    55.44±14.16   0.526
  Height (cm)   102       162.32±12.28   18    163.17±7.36   0.778
  Weight (kg)   102       62.64±10.86    18    60.31±9.86    0.396

SD=Standard deviation
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There was no significant difference in surgical duration and volume of crystalloids received by patients in both groups \[[Table 2](#T2){ref-type="table"}\]. Preoperative hemoglobin and sodium levels were significantly lower in Group N (*P* = 0.05). Postoperative hemoglobin, pre- and post-operative urea, creatinine, serum potassium, and postoperative sodium levels were comparable \[[Table 3](#T3){ref-type="table"}\]. However, the percentage reduction in hemoglobin concentration from pre-operative to post-operative level in Group N and Group C was comparable (−18.14% ± 13.58% vs. −11.04% ± 21.25%, *P* = 0.065). There was significant difference in temperature throughout intraoperatively with Group N patients being more hypothermic \[[Figure 3](#F3){ref-type="fig"}\]. Patients in Group C had higher systolic blood pressure in the beginning. Systolic blood pressure in Group N was found to be significantly lower at 2, 4, 5, 6, 8, 9, and 10 h of surgery with no significant difference in heart rate or urine output \[Figures [4](#F4){ref-type="fig"} and [5](#F5){ref-type="fig"}\]. About 21.6% of patients in Group C received one or more colloids, whereas it was 33.3% of patients in Group N. The amount of packed red cells transfused was higher in Group N, with higher number of fresh frozen plasma units \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparison of duration of surgery, fluids and blood products used

  Variables                  Group C   Group N         *P*                   
  -------------------------- --------- --------------- ----- --------------- -------
  Duration of surgery (h)    102       10.24±2.71      18    10.47±3.20      0.745
  Crystalloids (l)           102       5.78±1.75       18    5.22±2.35       0.557
  Colloids (mL)              22        636.36±227.92   6     916.67±491.59   0.152
  Fresh frozen plasma (mL)   2         300±0           4     600±600         0.480
  Packed red cells (mL)      36        534.72±270.93   13    700±670.20      0.597

SD=Standard deviation

###### 

Comparison of blood investigations

  Variables                  Group C   Group N       *P*                 
  -------------------------- --------- ------------- ----- ------------- -------
  Preoperative hemoglobin    102       13.15±1.94    18    11.28±2.69    0.011
  Postoperative hemoglobin   102       10.62±1.61    18    9.64±1.65     0.020
  Preoperative urea          102       21.61±7.97    18    24.41±6.48    0.161
  Postoperative urea         55        23.62±9.02    18    22.99±6.33    0.747
  Preoperative creatinine    102       1.03±0.21     18    0.99±0.22     0.540
  Postoperative creatinine   55        1.06±1.23     18    0.97±0.24     0.762
  Preoperative sodium        102       136.48±4.50   18    133.73±2.01   0.012
  Postoperative sodium       98        135.21±3.25   18    134.76±3.83   0.601
  Preoperative potassium     102       4.15±0.43     18    4.10±0.48     0.680
  Postoperative potassium    98        4.04±0.48     18    3.95±0.66     0.480

SD=Standard deviation
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In the present study, reasons for re-explorations in Group C included venous thrombosis (22%), venous congestion (19%), poor arterial flow due to thrombus (17%), spasm (8%), compression by hematoma (31%), and mechanical kinking of vessels (3%). In Group N, venous thrombus and congestion were the cause of re-exploration in 56% of patients, arterial thrombus, and inadequate arterial flow in 28% and rest of patients had hematoma compressing the vessels. The mean duration of noradrenaline administration was 9.23 ± 4.37 h and dose used ranged from 0.02 to 2 μg/kg/min at various time points.

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

This retrospective analysis of 120 patients who underwent free flap reconstructive surgeries over 1 year had shown that though intraoperative use of noradrenaline resulted in marginally higher incidence of re-exploration, the final flap survival was unaffected when it was used for the maintenance of blood pressure.

Surgical excision of cancer of the head and neck often leaves an undesirable defect which requires reconstruction with free flaps. The harvested free flaps have recipient vessels which are anastomosed to donor vessels at the defect. Flow across anastomoses depends on blood viscosity and perfusion pressure. Adrenergic innervation of vasculature causes vasoconstriction of arterioles and precapillary sphincters in response to sympathetic stimulation. Transplanted recipient vessels are denervated and are questionably still believed to vasoconstriction sympathetic stimulation. General anesthesia *per se* causes increase in blood viscosity, red cell aggregation, fibrinogen, clotting factors, platelet aggregation and adhesion, and impaired fibrinolysis and hence leads to impaired perfusion in microcirculation.

Hemodilution decreases viscosity, thereby increasing blood flow which has led to the traditional practice of hypervolemic hemodilution and avoidance of vasoconstrictors during free flap surgeries. However, the large volume of fluids used to expand intravascular volume and to hemodilute can lead to extravasation into the interstitial spaces and result in local as well as generalized edema. As free flaps have no intact lymphatic drainage, they are very sensitive to extravasation of fluids and pressure effects compromising flap perfusion.\[[@ref2][@ref3]\]

Maintaining an adequate MAP and cardiac output is crucial. Urine output is an indicator of vascular filling and output of 1--2 Ml/kg/h is usually targeted in the peri and postoperative periods through an appropriate fluid therapy. Mild hypervolemia reduces sympathetic vascular tone leading to dilation of the flap vessels. It has been noted that an increase of 2 cm H~2~O in central venous pressure above the baseline can double the cardiac output and produce skin and muscle vasodilatation.\[[@ref4]\]

However in certain scenarios, it becomes a necessity to give vasopressor to maintain acceptable mean blood pressure. In patients undergoing the head-and-neck cancer resection and free flap reconstruction, spectral analysis of laser Doppler blood flow signals has demonstrated denervation of free flaps. It was shown that with use of norepinephrine, control of blood flow shifted toward low frequency vasomotion where blood flow depended mostly on an average blood pressure. Therefore, it was concluded that noradrenaline could be considered as the most suitable agent following free flap reconstructive surgeries of the head-and-neck malignancy patients.\[[@ref5]\]

It has been observed that noradrenaline increases free flap skin blood flow more when compared to other vasopressors, making it the most suitable pressor agent during hypotension in patients undergoing free flap microvascular reconstructive surgeries following resection of the head-and-neck cancer.\[[@ref6]\] Noradrenaline is indicated for the emergency restoration of blood pressure in cases of acute hypotension. It acts on both alpha-1 and alpha-2 adrenergic receptors to cause vasoconstriction and thereby increasing blood pressure. The starting dose is 0.025 μg/kg/min.

In a retrospective review by Kelly *et al*., on the impact of intraoperative vasopressor use in free tissue transfer during the head, neck, and extremity reconstruction, it was found that the frequency of vasopressor use was 53.2% with no significant difference in flap outcome in patients who received vasopressors and those who did not.\[[@ref7]\] Another randomized controlled trial in patients undergoing ablative and reconstructive head-and-neck surgery with microvascular flap also showed noradrenaline to be safe and effective for use in the postoperative period when used to maintain MAP between 80 and 90 mmHg. In the study, normovolemia was maintained and flap perfusion was monitored with continuous tissue partial pressure of oxygen and microdialysate metabolite (lactate-to-pyruvate ratio) measurements.\[[@ref8]\] The present study essentially draws the same conclusion as the above mentioned studies in stating that the use of noradrenaline to maintain adequate peri-operative MAP does not adversely affect the outcome of the free flap.

Fang and Liu concluded that intraoperative use of phenylephrine, ephedrine, or calcium chloride as an intravenous bolus does not increase flap compromise and failure rates in cancer patients.\[[@ref9]\] The effect of dobutamine on blood flow of free tissue transfer flaps during the head-and-neck reconstructive surgery was assessed. It was concluded that both mean and maximum blood flows were increased significantly in the anastomosed artery at dobutamine infusions of 4 and 6/μg/kg/min which was accompanied by increased cardiac output and improved free flap perfusion.\[[@ref10]\] The intra-operative use of vasopressors ephedrine, phenylephrine or both, was found to be safe in free jejunal free flap reconstruction surgeries for reconstruction of circumferential pharyngeal defects created after resection of cancers of the hypopharynx.\[[@ref11]\]

The common causes of flap failure are multifactorial such as arterial (arterial thrombosis, vasospasm), venous (venous thrombosis, vasospasm, mechanical compression), flap edema (excessive use of crystalloids, excessive hemodilution), generalized vasoconstriction (hypothermia, pain, respiratory alkalosis), hypotension (hypovolemia, use of myocardial depressants), and prolonged ischemia of the flap.\[[@ref12]\] The most common cause for flap loss is venous thrombosis followed by arterial obstruction. The majority of flap failures occur within the first 48 h. With early detection and re-exploration, salvage is possible with success rates ranging from 28% to 90%.\[[@ref13]\]

Our retrospective analysis revealed almost similar reasons for re-exploration in both groups. During re-explorations thrombus in arteries and veins were removed, additional arterial and/or venous anastomoses were performed if required, and hematomas, if present were evacuated. Incidence of re-explorations was more in patients with anterolateral thigh free flap, probably because they were bulkier flaps as compared to free radial forearm flaps. High incidence of re-exploration in Group N could be secondary to hypotension impeding flap perfusion.

In the present study, Group N patients had significantly lower preoperative hemoglobin levels as compared to Group C, which could be one of the reasons for the development of intraoperative hypotension. The distribution of patients with higher ASA physical status was also found in Group N compared to Group C (39% vs. 11%). The presence of comorbidities such as uncontrolled hypertension, diabetes, and ischemic heart disease might have resulted in a compromised cardiovascular system which predisposed these patients to intraoperative hypotension. It has been shown that patients in ASA physical status class 3 or more is a predictor of hypotension during anesthesia.\[[@ref14]\]

Another finding was that Group N patients were more hypothermic intraoperatively which could have been a contributory factor for the development of hypotension. It has been shown that those with higher preoperative systolic blood pressures have lesser chance of development of intraoperative hypothermia.\[[@ref15]\] In the present study, patients in Group C had higher systolic blood pressure in the beginning. Systolic blood pressure in Group N was found to be significantly low. The reason for higher requirement of colloids, packed red cells, and fresh frozen plasma in Group N can be explained by the presence of hypotension due to various reasons and subsequent attempts at correcting it. Lower heart rate in Group N despite hypotension could be secondary to use of noradrenaline to correct hypotension, intraoperative analgesia with morphine and use of clonidine in some cases to control hypertension during resection of tumor. However, both pre- and post-operative hydration were comparable in both groups as evidenced by comparable blood urea levels. Hypotension did not affect renal function postoperatively as serum creatinine and electrolytes remained in the normal range in both groups.

The major drawbacks of the study were that surgical causes for flap hypoperfusion were not analyzed and the study population varied widely with respect to factors such as preoperative hemoglobin levels, types of free flap, and hemodynamics. Number of patients in both the two groups were not equal as patients who required vasoconstrictors intraoperatively during the study period was less compared to those who did not require it. As results of any study need to be extrapolated to a larger population, our study with a small sample size in the group which received noradrenaline cannot be considered to provide a very conclusive result. Although patients who required multiple vasopressors were excluded, there was no standardization for the dose of noradrenaline. The doses used varied from 0.02 to 2 μg/kg/min. Influence of other compounding factors affecting flap outcome were not separately analyzed. Due to the complex nature of the procedure, numerous factors actually combine to determine the success rate following free flap surgery.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Perioperative use of noradrenaline to maintain blood pressure did not adversely affect free flap survival in patients who underwent the head-and-neck reconstructive surgeries. Although re-exploration rate was marginally increased with use of noradrenaline, the final flap outcome was unaffected.
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